Twisted supergravity and untwisted super-bigravity by Lalak, Zygmunt & Matyszkiewicz, Radoslaw
ar
X
iv
:h
ep
-th
/0
30
32
27
v3
  2
0 
O
ct
 2
00
3
IFT-2003-07
Twisted supergravity and untwisted
superbigravity
Zygmunt Lalak and Radosªaw Matyszkiewiz
Institute of Theoretial Physis
University of Warsaw, Poland
Abstrat
We have extended previous analysis of the bulk/brane supersymmetrizations involving non-
zero brane mass terms of bulk fermions (gravitini) and twisting of boundary onditions. We
have onstruted new brane/bulk models that may be relevant for realisti model building.
In partiular, we have built a model with the RandallSundrum bosoni setor, orthogonal
projetion operators on the branes in the fermioni setor, and an unbroken N = 1 supersym-
metry. We have also onstruted 5d superbigravity with stati vauum and unbroken N = 1
supersymmetry, whih may be viewed as a deonstrution of 5d supergravity.
Marh 2003
1 Introdution
Higherdimensional theories with branes oer an intriguing possibility of breaking symmetries
through imposing, at the branes, nontrivial boundary onditions on elds transforming in var-
ious representations of the subgroups of the original symmetry group. Subsequently, when the
breaking is expliit at the distant brane, loality in extradimension implies that the result
of that breaking seen at the observable brane beomes onveniently suppressed. At the same
time one believes that the ultimate solution to the hierarhy problem is related to spae-time
supersymmetry, and one wants to retain the gravitational setor in the model, in the hope
to partially unify gravity with other fores and to explain the Plank sale/weak sale hier-
arhy. Hene, sine supersymmetry is atually a spae-time symmetry, the natural arena to
study symmetry breaking in brane worlds is the higherdimensional supergravity with branes.
Suh theories have been onstruted in ve dimensions in [1℄[7℄, and we shall use them as the
framework of our disussion. In fat, we shall onentrate on the pure supergravity ase, and
the symmetry broken by boundary onditions will be the supersymmetry itself. The extensive
analysis of suh a breakdown in the partiular ase of the FLP supergravity [2℄, oupled to a
bulk hypermultiplet, has been presented in [8℄. Here we extend that analysis to the bulk/brane
supersymmetrizations involving non-zero brane mass terms of bulk fermions (gravitini). Pre-
liminary analysis and the results of [8℄ imply that the bulk elds from the hypermultiplet will
behave analogously to gravitini. Bulk moduli shall play an important role in transmission of
supersymmetry breakdown to the matter setors, however we postpone the analysis of suh a
matter/moduli/gravity system to a future publiation. Our results onrm these of the ref. [6℄
at points where the papers overlap.
2 General onstrution
To begin with, let us summarize the onstrution of the general branebulk supergravity La-
grangian using the notation, and in the spirit of [2℄,[5℄. The simple N=2 d=5 supergravity
multiplet ontains metri tensor (represented by the vielbein emα ), two gravitini Ψ
A
α and one
vetor eld Aα  the graviphoton. We shall onsider gauging of a U(1) subgroup of the global
SU(2)R symmetry of the 5d Lagrangian. In general, oupling of bulk elds to branes turns out
to be related to the gauging, and the bulk-brane ouplings will preserve only a subgroup of the
SU(2)R. Purely gravitational 5d ation desribing suh a setup reads S =
∫
M5
e5 Lgrav , where
Lgrav = 1
2
R− 3
4
FαβFαβ − 1
2
√
2
AαFβγFδǫǫαβγδǫ
−1
2
Ψ¯Aαγ
αβγDβΨγA +
3i
8
√
2
(
Ψ¯Aγ γ
αβγδΨδA + 2Ψ¯
αAΨβA
)
Fαβ
− i√
2
PABΨ¯AαγαβΨBβ −
8
3
Tr(P2) . (1)
Covariant derivative ontains both gravitational and gauge onnetions:
DαΨ
A
β = ∇αΨAβ + AαPABΨBβ , (2)
2
where P = Pa iσa is the gauge prepotential. The pair of gravitini satises sympleti Majorana
ondition Ψ¯A ≡ Ψ†Aγ0 = (ǫABΨB)TC where C is the harge onjugation matrix and ǫAB is
antisymmetri SU(2)R metri (we use the onvention ǫ12 = ǫ
12 = 1). Supersymmetry transfor-
mations are also modied by the gauging
δemα =
1
2
η¯AγmΨαA, δAα =
i
2
√
2
ΨAαηA, (3)
δΨAα = Dαη
A − i
4
√
2
(
γ βγα − 4δ βα γγ
)FβγηA +
√
2i
3
PABγαηB . (4)
In the most general ase we an dene Z2 ation on the gravitino setor as:
ΨAµ (−y) = γ5(Q0)ABΨBµ (y) , ΨA5 (−y) = −γ5(Q0)ABΨB5 (y) ,
ΨAµ (πrc − y) = γ5(Qπ)ABΨBµ (πrc + y) , ΨA5 (πrc − y) = −γ5(Qπ)ABΨB5 (πrc + y), (5)
and the parameters ηA of the supersymmetry transformations obey the same boundary ondi-
tions as the 4d omponents of gravitini
1
. The sympleti Majorana ondition and the normal-
ization (Q0,π)
2 = 1 imply Q0,π = (q0,π)aσ
a
, where (q0,π)a are real parameters [3℄.
We would like to gauge a U(1) subgroup of the global SU(2), to allow for a potential energy
in the bulk, and, hene, to obtain a nontrivial warp fator. In the general ase [5℄ we an hoose
the prepotential of the form
P = gRǫ(y)R+ gSS, (6)
where R = ra iσ
a
and S = sa iσ
a
ommutes and antiommutes with Q0,π, respetively.
Let us explore supersymmetry algebra loally near the point y = 0. Nonvanishing part of
the Lagrangian variation inludes terms proportional to δ(y):
δ(e5Lgrav) ⊃ −e4δ(y)i
√
8gRΨ¯
A
µγ
µγ5R BA ηB . (7)
To anel above variation, we need to add to the initial Lagrangian brane tension and/or
gravitini mass term on the brane:
e5Lgrav −→ e5Lgrav − e4δ(y)λ0 − e4δ(y)Ψ¯Aµγµν(M + γ5M¯) BA ΨνB , (8)
where MAB and M¯AB are symmetri. Assoiated ontributions to the Lagrangian variation
1
We assume that all even elds are smooth, exeptΨ5 whih we take to be smooth funtion multiplied by ǫ
2(y).
The odd bosoni elds are also assumed to be smooth, however odd gravitini are allowed to have disontinuities
proportional to the epsilon funtions entered at the branes, e.g.: Ψ− = ǫ(y)Ψ¯−, where Ψ¯− is smooth. In our
alulations we use the formula ǫ2(y)δ(y) = 1
3
δ(y), when integrated over a xed point. In the bulk we use ǫ2(y) =
1. In addition we introdue the distribution ǫ−1(y) in the following way: h(y) = ǫ−1(y)f(y)⇐⇒ f(y) = ǫ(y)h(y).
One an easily hek that derivatives of the step-funtion-type distributions obey
(
ǫ−1(y)
)
′
= −ǫ−2(y)δ(y), and
everywhere ǫ−1ǫ = 1 (even at xed points). The parameters of the supersymmetry transformations follow the
same rules as gravitini.
3
read:
δ(e5Lgrav) ⊃ e4δ(y)1
2
λ0Ψ¯
A
µγ
µηA
+e4δ(y)ǫ(y)
λ0
2
Ψ¯Aµγ
µ(γ5M − M¯) BA ηB
−e4δ(y)i
√
8Ψ¯Aµγ
µ(M − γ5M¯) BA P CB ηC (9)
+e4δ(y)2Ψ¯
A
µ (M + γ5M¯)
B
A
(
3i
2
√
2
γ5F µ5ηB − γµν∂νηB
)
.
Now one is able to anel the variation (7). However, we have produed an additional unaneled
term  the last one in (9). To solve this problem, let us redene the ΨA5 variation:
δΨA5 −→ δΨA5 − δ(y)(ω + γ5ω¯)ABγ5ηB . (10)
As the result, the new brane ontributions to the Lagrangian variation read:
δ(e5Lgrav) ⊃ −e4δ(y)ǫ(y)λ0
4
Ψ¯Aµγ
µ(γ5ω + ω¯)
B
A ηB
+e4δ(y)i
√
2Ψ¯Aµγ
µP BA (ω + γ5ω¯)
C
B ηC (11)
+e4δ(y)Ψ¯
A
µ (ω + γ5ω¯)
B
A
(
3i
2
√
2
γ5F µ5ηB − γµν∂νηB
)
.
Notie that PAB is symmetri. The vanishing of the sum of the variations (7),(9),(11) leads to
the following onstraints:
0 = δ(y)Ψ¯Aµγ
µ
[
(M − γ5M¯) BA P CB −
1
2
P BA (ω + γ5ω¯)
C
B + gRγ5R
C
A +
i
4
√
2
λ0δ
C
A
+
i
4
√
2
λ0ǫ(y)
(
γ5M
C
A − M¯ CA −
1
2
γ5ω
C
A −
1
2
ω¯ CA
)]
ηC (12)
and
0 = δ(y)Ψ¯Aµ
[
2(M + γ5M¯)
B
A + (ω + γ5ω¯)
B
A
]( 3i
2
√
2
γ5F µ5ηB − γµν∂νηB
)
. (13)
On the other hand the gravitini equation of motion and supersymmetry transformations
imply boundary ondition
2
:
ǫ−1(y)δ(y)(γ5δ +Q0) BA ηB = δ(y)2(M + γ5M¯)
B
A ηB (14)
and the equation (13) takes the form:
0 = δ(y)Ψ¯Aµ
[
ǫ−1(y)(γ5δ +Q0) BA + (ω + γ5ω¯)
B
A
]( 3i
2
√
2
γ5F µ5ηB − γµν∂νηB
)
. (15)
2
The anellation of terms proportional to the delta funtions in the gravitini equations of motion imply the
following boundary onditions: ǫ−1(y)δ(y)(γ5δ +Q0)
B
A (Ψµ)B = δ(y)2(M + γ5M¯)
B
A (Ψµ)B . On the other hand,
odd bosoni elds vanish on the branes, and onstraints δηe
5ˆ
µ = δηe
a
5
= δηAµ = 0 imply boundary onditions
for the parameters of the supersymmetry transformations ηA.
4
To omplete our disussion, let us hek the supersymmetry algebra. One an show that
the ommutators vanish exept the following term proportional to the delta funtion [6℄:
[δξ, δη]e
µ
5 ⊃ ǫ−1(y)δ(y)η¯Aγµ (δ + γ5Q0) BA ξB + δ(y)η¯Aγµ (γ5ω + ω¯) BA ξB . (16)
We an anel this term by hoosing
ω BA = −ǫ−1(y)(Q0) BA , ω¯ BA = −ǫ−1(y)δ BA , (17)
then (15) is simply satised and (12) takes the form:
0 = δ(y)Ψ¯Aµγ
µ
[
(M − γ5M¯) BA P CB +
1
2
ǫ−1(y)P BA (Q0 + γ5δ)
C
B + gRγ5R
C
A
+
i
4
√
2
λ0δ
C
A +
i
4
√
2
λ0ǫ(y)
(
γ5M
C
A − M¯ CA
)
+
i
4
√
2
λ0
(
1
2
γ5(Q0)
C
A +
1
2
δ CA
)]
ηC . (18)
We an repeat the same onstrution for the seond brane at the y = πrc. The analogue of
the equation (18) is:
0 = δ(y − πrc)Ψ¯Aµγµ
[
(Mπ − γ5M¯π) BA P CB −
1
2
ǫ−1(y)P BA (Qπ + γ5δ)
C
B − gRγ5R CA
+
i
4
√
2
λπδ
C
A −
i
4
√
2
λπǫ(y)
(
γ5(Mπ)
C
A − (M¯π) CA
)
+
i
4
√
2
λπ
(
1
2
γ5(Qπ)
C
A +
1
2
δ CA
)]
ηC , (19)
where we hoose
(ωπ)
B
A = ǫ
−1(y)(Qπ)
B
A , (ω¯π)
B
A = ǫ
−1(y)δ BA , (20)
and boundary ondition reads:
ǫ−1(y)δ(y − πrc)(γ5δ +Qπ) BA ηB = −δ(y − πrc)2(Mπ + γ5M¯π) BA ηB . (21)
The equations (18) and (19) provide the relations, one for eah brane, between parameters of
the boundary Lagrangian and the prepotential (whose square determines the vauum energy
in the bulk). These are the onditions analogous, although somewhat weaker, to the strit
relation between the brane tensions and the bulk osmologial onstant found in the original
FLP senario [2℄. We should note at this point that there exists an additional ondition that
allows to lose the susy algebra: one needs to assume that the elementary bosoni elds that
are odd with respet to a given brane are also ontinuous - hene vanishing - on that brane.
This is needed in all onsistent approahes to bulk/brane supergravity known so far. However,
this requirement annot be imposed on non-elementary bosoni elds, like gauge eld strengths
or spin onnetions. On one hand extending the onditions that all odd bosoni elds are
ontinuous on the branes would help to anel a number of supersymmetry variations and to
simplify the onstraints (18), (19). On the other hand suh a strong assumption wouldn't allow
for a supersymmetrization of a wide lass of nontrivial models - for instane in the Randall
Sundrum model, [9℄, the spin onnetion is disontinuous on the branes (proportional to the
step funtion).
5
3 Twisting the RandallSundrum model
In the forthoming setions we shall apply the formalism developed above to the onstrution
of supergravity models with nontrivial boundary onditions imposed on the bulk elds.
3.1 Randall-Sundrum model without mass terms on branes [2℄
To start with let us hoose the prepotential in the form: P BA = gǫ(y)i(σ3)
B
A . We dene Z2
ation on the gravitini by (Q0)
B
A = (Qπ)
B
A = (σ3)
B
A . We do not put any gravitini mass terms
on the branes. Then the equations (18) and (19) redue to:
λ0 = g4
√
2 , λπ = −g4
√
2 . (22)
With g = 3
4
√
2k the bosoni part of the Lagrangian reads:
S =
∫
d5x
√−g5(1
2
R + 6k2)− 6
∫
d5x
√−g4k(δ(y)− δ(y − πrc)) . (23)
3.2 Randall-Sundrum model with gravitini masses on the branes [6℄
For the seond example let us assume the prepotential of the form: P BA = gi(σ1)
B
A and (Q0)
B
A =
(Qπ)
B
A = (σ3)
B
A . Let us allow only the even omponents of gravitini to own mass terms on the
branes
(M0,π)
B
A =
1
2
α0,π(σ1)
B
A , (M¯0,π)
B
A =
1
2
α0,πi(σ2)
B
A , (24)
where α0, απ ∈ R. In this ase the equation (18) takes the form:
0 = δ(y)iΨ¯Aµγ
µ
[
gα0(δ − γ5σ3) BA + ǫ−1(y)gγ5σ1(δ + γ5σ3) BA
+
1
4
√
2
λ0 (2δ + ǫ(y)α0γ5σ1(δ + γ5σ3) + (δ + γ5σ3))
B
A
]
ηB , (25)
and the boundary ondition (14) beome:
ǫ−1(y)δ(y)γ5(δ + γ5σ3) BA ηB = δ(y)α0σ1(δ − γ5σ3) BA ηB . (26)
One an also alulate boundary ondition for the gravitino Ψ¯Aµ :
ǫ−1(y)δ(y)Ψ¯Aµ (δ − γ5σ3) BA γ5 = −δ(y)α0Ψ¯Aµ (δ + γ5σ3)(σ1) BA . (27)
Finally, we an rewrite the equation (25) as follows
0 = δ(y)i(Ψ¯+)
A
µγ
µ
[
2gα0 +
1
4
√
2
λ0(1 + 3α
2
0ǫ(y)
2)
]
(δ − γ5σ3) BA (η+)B , (28)
where we have deomposed fermions into the even (+) and odd (−) omponents:
(Ψ±)
A
µ =
1
2
(δ ± γ5σ3)ABΨBµ , (η±)A =
1
2
(δ ± γ5σ3)ABηB . (29)
6
The vanishing of this term implies the onstraint
λ0 = −4
√
2g
2α0
1 + α20
, (30)
where we have used ǫ2(y)δ(y) = 1
3
δ(y). One an repeat the same proedure for the seond brane
to obtain
λπ = −4
√
2g
2απ
1 + α2π
. (31)
Taking α0 = −απ = −1 we nd RS brane tensions λ0 = −λπ = g4
√
2.
Let us solve Killing equation to be ertain that there remains an unbroken supersymmetry:
∇αηA −
√
2i
3
PABγαηB − δ(y)δ5α(ω0)ABγ5ηB − δ(y − πrc)δ5α(ωπ)ABγ5ηB = 0 . (32)
For the RS bakground we an write
0 = ∂µη
A
± −
1
2
kǫ(y)γµγ5η
A
∓ +
1
2
k(σ1)
A
Bγµη
B
± , (33)
0 = ∂5η
A
+ +
1
2
k(σ1)
A
Bγ5η
B
− , (34)
0 = ∂5η
A
− +
1
2
k(σ1)
A
Bγ5η
B
+ − 2(δ(y)− δ(y − πrc))ǫ−1(y)ηA− . (35)
The equation (33) is solved by ηA− = ǫ(y)γ5(σ1)
A
Bη
B
+ , where we have assumed that the Killing
spinor doesn't depend of xµ. One an easily nd the solution
ηA+ = e
− 1
2
k|y|
(
ηˆR
−ηˆL
)A
, ηA− = ǫ(y)e
− 1
2
k|y|
(
ηˆL
ηˆR
)A
, (36)
where ηˆ is a fourdimensional Majorana spinor in at spae.
3.3 Flipped RS model with gravitini mass terms on the branes
The ipped version of a warped 5d supergravity without brane masses for gravitini has been
desribed in detail in [5℄ and [8℄. Here let us perform the ipping (twisting) in the general ase
with brane gravitini masses.
To ip boundary ondition in the fermioni setor, let us hange a sign of the Z2 operator
at the brane y = πrc to (Qπ) = −(σ3) while leaving (Q0) unhanged. Let us examine the brane
ation at y = πrc. We assume gravitini mass terms that inlude only (loally on eah brane)
even omponents of the elds
(Mπ)
B
A =
1
2
απ(σ1)
B
A , (M¯π)
B
A = −
1
2
απi(σ2)
B
A . (37)
Then boundary onditions hange to
ǫ−1(y)δ(y − πrc)γ5(δ − γ5σ3) BA ηB = −δ(y − πrc)απσ1(δ + γ5σ3) BA ηB , (38)
7
and the relevant version of the equation (28) reads:
0 = δ(y − πrc)i(Ψ¯−)Aµγµ
[
2gαπ +
1
4
√
2
λπ(1 + 3α
2
πǫ(y)
2)
]
(δ + γ5σ3)
B
A (η−)B , (39)
where (+) and (−) omponents are dened as in (29). Notie that now (−) are even and the
(+) odd. Vanishing of this term implies onstraint
λπ = −4
√
2g
2απ
1 + α2π
, (40)
As in the previous ase, for α0 = −απ = −1 we obtain RS brane tensions λ0 = −λπ = g4
√
2.
Let us hek whether supersymmetry is broken in the eetive theory, due to the ipped
boundary ondition. Killing equation reads:
0 = ∂µη
A
± −
1
2
kǫ(y)γµγ5η
A
∓ +
1
2
k(σ1)
A
Bγµη
B
± , (41)
0 = ∂5η
A
+ +
1
2
k(σ1)
A
Bγ5η
B
− + 2δ(y − πrc)ǫ−1(y)ηA+ , (42)
0 = ∂5η
A
− +
1
2
k(σ1)
A
Bγ5η
B
+ − 2δ(y)ǫ−1(y)ηA− . (43)
Equation (41) an be solved by ηA− = ǫ(y)γ5(σ1)
A
Bη
B
+ , where we assume that Killing spinors
don't depend of xµ. One an easily nd solutions
ηA+ = ǫπ(y)e
− 1
2
k|y|
(
ηˆR
−ηˆL
)A
, ηA− = ǫ0(y)e
− 1
2
k|y|
(
ηˆL
ηˆR
)A
, (44)
where ǫ0(y) = ǫ(
y
2
) and ǫπ(y) = ǫ(
y+πrc
2
) are ipped step funtions.
This is an interesting example, espeially if one ompares of to the situation in the ipped
sugra without brane mass terms, see [8℄ and the forthoming hapter. The projetion operators
on both branes are orthogonal, hene one would naturally expet that from the four-dimensional
point of view all the supersymmetries are broken down. And this is the ase indeed in the
absene of brane mass terms. However, when the brane masses for gravitini are present, they
onstitute delta-type soures in the equations of motion of the gravitini. These beome the
atual soure of the boundary onditions whih have to be imposed on the bulk elds. The
ompatibility with the projetion operators omes from the assumption, that all the odd elds
an be written down as the step-funtion distribution entered on a given brane times the eld
that is even and ontinuous aross the brane. Then one an formally assign the value zero to
suh an odd eld, but this zero should be assigned to the step-funtion distribution and not to
the even eld that multiplies the distribution. This is a onsistent approah to the ǫ-algebra,
see the omments in the footnote 1.
Hene, in a setup with brane masses the supersymmetry is ontrolled by boundary onditions
and not by the projetors only. The boundary onditions do not need to be orthogonal even if
the brane projetors are. In partiular, within the relations imposed on brane parameters and
the prepotential, the hange indued by the hange of the brane projetors an be absorbed
8
into the modiation of fermioni mass terms on the branes without the neessity to modify the
bosoni soures (like brane tensions in the example above). This is why one an have orthogonal
brane projetions, unbroken N = 1 supersymmetry and RandallSundrum bakground. One
should note however that the existene of the Killing spinor is by no means guaranteed even in
the extended setup disussed here.
The bottom line of the above disussion is that ipped and unipped RS models with
gravitini mass terms on the branes, desribe atually the same fourdimensional physis. One
an easily hek that the following redenitions
η+ −→ ξ+ = ǫπ(y)η+ , η− −→ ξ− = ǫ−1π (y)η− ,
Ψ+α −→ χ+α = ǫπ(y)Ψ+α , Ψ−α −→ χ−α = ǫ−1π (y)Ψ−α , (45)
transform unipped model into the ipped one (η and Ψ are elds of the unipped model
and ξ, χ - of the ipped model). The modiations of the supersymmetry transformations,
(20), in both models are stritly onneted by the redenition (45). To see the preise relation
between respetive mass terms let us onentrate on the terms in the unipped ation that are
proportional to δ(y − πrc):
1
2
Ψ¯Aµγ
µνγ5∂5ΨνA − 1
2
δ(y − πrc)Ψ¯Aµγµνσ1(δ − γ5σ3) BA ΨνB −→
−→ 1
2
χ¯Aµγ
µνγ5∂5χνA − 1
2
ǫ−2π (y)δ(y − πrc)χ¯Aµγµνσ1(δ − γ5σ3) BA χνB
+
1
2
ǫ−1π (y)δ(y − πrc)χ¯Aµγµνγ5(δ − γ5σ3) BA χνB
−1
2
ǫ−1π (y)δ(y − πrc)χ¯Aµγµνγ5(δ + γ5σ3) BA χνB . (46)
Boundary onditions derived from the new ation are the same as (38). On the other hand we
an use these onditions in the last two terms of (46) to restore anonial ation of the ipped
model with mass terms (37).
4 Superbigravity
To introdue ipped boundary ondition in the FLP model [5℄, [8℄, let us assume (Q0)
B
A =
−(Qπ) BA = (σ3) BA and the prepotential P BA = gRǫ(y)i(σ3) BA + gSi(σ1) BA . For (M0)AB =
(Mπ)AB = 0 one nds:
λ0 = gR4
√
2 , λπ = gR4
√
2 . (47)
For k = 2
√
2
3
√
g2R + g
2
S and T = gR/
√
g2R + g
2
S we obtain the bosoni part of the ation:
S =
∫
d5x
√−g5(1
2
R + 6k2)− 6
∫
d5x
√−g4kT (δ(y) + δ(y − πrc)) . (48)
One should notie that the brane tensions have the same sign. As a onsequene gravitational
bakground has no at 4d Minkowski foliation, and the onsistent solution is that of AdS4
branes:
ds2 = a2(y)g¯µνdx
µdxν + dy2 , (49)
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where
a(y) =
√
−Λ¯
k
cosh
(
k|y| − kπrc
2
)
, (50)
and g¯µνdx
µdxν = exp(−2
√
−Λ¯x3)(−dt2 + dx21 + dx22) + dx23 is the four dimensional AdS metri.
The radius of the fth dimension is determined by brane tensions:
kπrc = ln
(
1 + T
1− T
)
. (51)
Normalization a(0) = 1 leads to the ne tuning relation Λ¯ = (T 2 − 1)k2 < 0. Compatiation
of this model has been performed in [8℄. Fivedimensional vauum spontaneously brakes all
supersymmetries due to the ipped boundary ondition in the fermioni setor.
Let us try to restore N = 1 supersymmetry in superbigravity. To this end let us assume
the prepotential of the form: P BA = gi(σ1)
B
A and (Q0)
B
A = (Qπ)
B
A = (σ3)
B
A . Gravitini masses
on the branes read
(M0,π)
B
A =
1
2
α0,π(σ1)
B
A , (M¯0,π)
B
A =
1
2
α0,πi(σ2)
B
A . (52)
Taking
α0 = −cosh(kπrc/2)± 1
sinh(kπrc/2)
, απ = −cosh(kπrc/2)± 1
sinh(kπrc/2)
, (53)
we obtain bosoni ation of the bigravity model (48). Notie, that we have two possibilities for
the gravitini masses: α0 = 1/απ and α0 = απ. One an hek that the rst one is related to
the BFL ase [5℄ (both give the same physis), hene we shall explore in detail the other one.
For simpliity, let us assume α0 = απ = −α, where
α =
cosh(kπrc/2)− 1
sinh(kπrc/2)
. (54)
Then the boundary onditions take the form
ǫ−1(y)δ(y)γ5ηA− = δ(y)α(σ1)
A
Bη
B
+ , (55)
ǫ−1(y)δ(y − πrc)γ5ηA− = −δ(y − πrc)α(σ1)ABηB+ . (56)
Let us now hek whether supersymmetry is broken in the eetive theory. The Killing
equations read:
0 = ∇¯µηA± +
1
2
kǫ(y) tanh
(
k|y| − kπrc
2
)
γµγ5η
A
∓ +
1
2
k(σ1)
A
Bγµη
B
± , (57)
0 = ∂5η
A
+ +
1
2
k(σ1)
A
Bγ5η
B
− , (58)
0 = ∂5η
A
− +
1
2
k(σ1)
A
Bγ5η
B
+ − 2(δ(y)− δ(y − πrc))ǫ−1(y)ηA− , (59)
where ∇¯µ denotes ovariant derivative with respet to the fourdimensional AdS geometry.
One an deompose Killing spinors as follows:
ηA+ = φ+(y)
(
ηˆR
−ηˆL
)A
, ηA− = φ−(y)ǫ(y)
(
ηˆL
ηˆR
)A
, (60)
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where ηˆ denotes killing spinor in the AdS4, whih satises:
(
∇¯µ − 12
√
−Λ¯γˆµ
)
ηˆ = 0 .
The equation (57) an be solved by
φ−(y) = − tanh (k|y|/2− kπrc/4)φ+(y) . (61)
One an easily hek that boundary onditions (55), (56) are indeed satised.
The equations (58) and (59) take the form:
0 = ∂5φ+ − 1
2
kǫ(y) tanh
(
k|y|
2
− kπrc
4
)
φ+ , (62)
0 = ∂5φ− − 1
2
kǫ(y) coth
(
k|y|
2
− kπrc
4
)
φ− . (63)
One nds the following solutions:
φ+ = N cosh (k|y|/2− kπrc/4) , φ− = −N sinh (k|y|/2− kπrc/4) , (64)
where N is a normalization onstant.
One an nd the expliit form of the zero-mode of gravitini. The bulk equations of motion
for the even and odd omponents read:
γµρν∇ρ(Ψ∓ν )A− γµνγ5∂5(Ψ±ν )A− kǫ tanh
(
k|y| − kπrc
2
)
γµνγ 5ˆ(Ψ±ν )
A− 3
2
k(σ1)
A
Bγ
µν(Ψ∓ν )
B = 0 .
(65)
Boundary onditions take the same form as for the Killing spinor:
ǫ−1(y)δ(y)γ5(Ψ−µ )
A = δ(y)α(σ1)
A
B(Ψ
+
µ )
B , (66)
ǫ−1(y)δ(y − πrc)γ5(Ψ−µ )A = −δ(y − πrc)α(σ1)AB(Ψ+µ )B . (67)
The solution follows:
(Ψ+µ )
A = N cosh (k|y|/2− kπrc/4)
(
(ψˆµ)R
−(ψˆµ)L
)A
, (68)
(Ψ−µ )
A = −Nǫ(y) sinh (k|y|/2− kπrc/4)
(
(ψˆµ)L
(ψˆµ)R
)A
, (69)
where ψˆµ denotes massless 4d gravitino in AdS4: γ
µρν∇ρψˆν = −
√
−Λ¯γµνψˆν .
Hene, we have managed to onstrut the model, whih has the supersymmetri vauum
state where distane between branes is xed, and the bosoni gravitational setor looks from
the fourdimensional perspetive as the (++) bigravity [10℄,[11℄. Dimensional redution of the
fermioni setor shall lead to truly N = 1 supersymmetri fourdimensional version of bigravity
(superbigravity). Despite the fat that the bakground value of the 4d osmologial onstant is
nonzero, this is not a bad starting point for realisti model building. First of all, one an tune
the value of the osmologial onstant to be arbitrarily lose to zero (this orresponds to the
interbrane distane going towards innity), seond - the vauum is stati, with xed expetation
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value of the radion, third - the vauum energy shall be modied by radiative orretions after
inluding matter into the game. The situation is not that dramatially dierent from that of
the at RS model: there the at foliation implies that the interbrane distane is undetermined
and one needs to ompliate the model to x the radion and break supersymmetry, whih
indues further orretions to the vauum energy. Although it is possible to built a (somewhat
baroque) model where all the ontributions onspire to give a vanishing vauum energy in
4d, the proedure leading to that goal may be equally well applied to the present bigravity
bakground.
Finally, let us notie, that the model onstruted in this setion may be interpreted as the
deonstrution
3
of 5d supergravity. First of all, it is immediate to extend the model to the multi
brane setup of S1/ΠZ2 as in [8℄. Then one an hek, that in the limit of innite interbrane
distane all wave funtions of gravitons and gravitini beome loalized on the branes, hene one
has a simple produt of K SO(1, 3) gravities loalized on the branes. When the expetation
value of the radion beomes nite (the radion `ondenses'), the bosoni and fermioni modes
ombine to form a single set of zero modes, orresponding to the diagonal subgroup of the
produt of K SO(2, 3) gravities, sine for nite vev of the radion 4d geometry is the AdS4.
5 Summary
In this work we have extended previous analysis of the bulk/brane supersymmetrizations involv-
ing non-zero brane mass terms of bulk fermions (gravitini), and twisting of boundary onditions.
Our results onrm these of the ref. [6℄ at points where the papers overlap. We have applied
the results to the onstrution of new brane/bulk models that may be relevant for realisti
model building. In partiular, we have built a model with the RandallSundrum bosoni se-
tor, orthogonal projetion operators on the branes in the fermioni setor, and an unbroken
N = 1 supersymmetry. We have also onstruted 5d superbigravity whih allows for a stati
vauum with unbroken N = 1 supersymmetry. This model, in its multibrane version, may be
viewed as the deonstrution of 5d supergravity.
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